Members of the p160 steroid receptor cofactor family, including AIB1 (Amplified in Breast Cancer 1) (also known as SRC-3/RAC3/ACTR/pCIP/TRAM-1), are of interest in endometrial carcinoma as they affect the function of estrogen (ER) and progesterone receptors (PR). Since it is feasible that alterations in the expression levels of coregulators can either augment ER activity or reduce the ability of PR to oppose ER action in endometrial cancers, our primary aim was to analyze expression of the AIB1 protein in endometrial carcinoma, carcinomaassociated complex atypical hyperplasia, and carcinoma-associated normal endometrium using immunohistochemistry and tissue microarrays. Expression of AIB1 was compared with other biomarkers and clinicopathologic parameters. We also tested AIB1 expression in non-carcinoma associated hyperplastic, normal secretory and proliferative endometrium to determine baseline AIB1 levels. In endometrial carcinoma, there is a higher expression of AIB1 compared to carcinoma-associated complex atypical hyperplasia (0.007) or carcinoma-associated normal endometrium (o0.001). AIB1 expression correlates with older age (P ¼ 0.003), peri-or postmenopausal status (P ¼ 0.002) and a higher grade of carcinomas (P ¼ 0.04). There were no differences in the expression of additional steroid hormone receptor co-activators (SRC-1 and p300/CBP) and the co-repressor SMRT between histologic categories. AIB1 expression correlated with ER (r ¼ 0.30, P ¼ 0.006). The strongest correlation was between ER and PR-B isoform nuclear expression (r ¼ 0.52, Po0.0001). AIB1 levels were higher in non-carcinoma associated normal and hyperplastic endometrium compared to carcinomaassociated complex atypical hyperplasia and carcinoma-associated normal endometrium, and were the highest in normal secretory endometrium. In conclusion, high AIB1 expression in endometrial carcinoma is associated with parameters of poor prognosis. We propose that when AIB1 is overexpressed in endometrial carcinoma, ER action is augmented, leading to endometrial hyperplasia and progression to malignancy. Future studies correlating expression with response to hormonal therapy may be beneficial.
Endometrial adenocarcinoma is the most common malignancy of the female genital tract in the United States. It is known to be a hormone-related malignancy, and many of the risk factors for endometrial carcinoma are related to the actions of unopposed estrogen. 1 However, despite the known associations of endometrial carcinoma with estrogen exposure, hormonal therapy is often not as effective in patients with endometrial carcinoma as it is for breast carcinomas, which express estrogen receptors (ERs). [2] [3] [4] [5] [6] The reasons for this are currently not clear. Coactivators and corepressors (collectively termed coregulators) are proteins known to influence the action of both ER and progesterone receptors (PRs) (reviewed in O'Malley 7 ) . PR is known to oppose ER action in the endometrial epithelium. 8, 9 When the shorter PR isoform, PR-A, is selectively knocked out in mice (leaving only the longer PR-B isoform) endometrial hyperplasia results, indicating that it is PR-A that suppresses estrogen-induced uterine epithelial cell proliferation. 10, 11 The p160 steroid receptor cofactor (SRC) family of coactivators can modulate both ER and PR activity; however, it has recently been demonstrated that in the mouse uterus, SRC-1 is the preferred coactivator for PR, 12, 13 while AIB1 (Amplified in Breast Cancer 1) (also known as SRC-3/RAC3/ACTR/pCIP/TRAM-1) may exert more of an effect on ER activity. 14 Thus, it is possible that if AIB1 is overexpressed, ER action could be augmented, leading to endometrial hyperplasia and malignancy. Another possible scenario that could lead to unopposed estrogen action is if levels of the corepressor SMRT, which is necessary for PR-A to oppose ER-mediated proliferation, 15, 16 are lower in endometrial hyperplasia and neoplasia than in normal endometrium.
Since it is feasible that alterations in the expression levels of coregulators can either augment ER activity or reduce the ability of PR to oppose ER action in endometrial cancers, the aim of this study was to analyze steroid hormone coregulator protein expression in a spectrum of neoplastic, preneoplastic and normal endometrium, and to compare this expression to ERa, total PR (with an antibody that preferentially targets PRA, but also detects PR-B) and PR-B. AIB1 expression correlates with overexpression of Her-2/neu in breast carcinoma and increased Her-2/neu has been found in type II endometrial carcinomas, 17 ,18 therefore we also correlated AIB1 expression with that of Her-2/neu. We correlated AIB1 expression with clinicopathologic parameters of endometrial carcinoma such as tumor stage, grade, and histologic type, and with menopausal status. In addition to AIB1, we examined the steroid hormone receptor co-activators SRC-1 and p300/CBP and the co-repressor SMRT to determine if expression of these proteins is altered in endometrial carcinoma. To accomplish this, we constructed tissue microarrays of carcinoma-associated normal endometrium, carcinoma-associated complex atypical hyperplasia and endometrial carcinoma, and utilized these to conduct an analysis of coregulator protein expression by immunohistochemistry.
It is also known that preneoplastic genetic changes can be present in histologically normal appearing endometrium that is associated spatially and chronologically with endometrial carcinoma and in non-cancer associated simple and complex hyperplasia. 19 Therefore, we also examined AIB1 expression in non-cancer-associated normal secretory and proliferative endometrium and in non-cancer associated hyperplasias to determine whether there is a variation in AIB1 expression in the cycling endometrium and to establish baseline levels in noncancer-associated endometrium.
Materials and methods

Patient Characteristics
All cases of endometrial carcinoma, diagnosed in biopsies, curettings and hysterectomies at the University of Colorado Health Sciences Center between March 1997 and June 2003 were identified in the Department of Pathology database and their reports were reviewed. There were 88 endometrial carcinoma cases with adequate tissue for the construction of the tissue microarrays (Table 1) . Data on tumor stage, tumor grade and patient menopausal status at the time of diagnosis were collected. Tumor stage and grade were determined using the AJCC/ FIGO criteria.
Tissue Microarrays
The tissues used in this study were obtained from formalin-fixed, paraffin-embedded blocks archived in The University of Colorado Health Sciences Center, Department of Pathology, under institutional review board approval. For each case, optimal areas for coring were marked on the H&E slides, in triplicate for carcinoma, and one area each was marked for hyperplasia and normal endometrium, where available. One millimeter diameter cores were obtained from the original paraffin blocks with the MTA1 manual tissue arrayer (Beecher Instruments, Inc., Sun Prairie, WI, USA). The cores were then embedded in paraffin tissue array blocks at predetermined positions. Four micrometer sections were cut from the blocks, and a tape adhesive transfer system was used to transfer the sections onto adhesive coated slides (Instrumedics Inc., Hackensack, NJ, USA). Tissue microarray sections were initially stained with H&E and reviewed, 
AIB1 Immunoblot Analysis
We compared two AIB1 antibodies designed to recognize the AIB1 protein by immunoblot analysis. Both of these have been used in previous studies, in breast tissue. 20, 21 The AIB1 clone 34 (BD Biosciences, San Jose, CA, USA) is a mouse monoclonal IgG antibody generated from a peptide (amino acids 376-389) in the human AIB1 protein. The other AIB1 antibody is NCoA3 C-20 (Santa Cruz Biotechnology, Santa Cruz, CA, USA), a goat polyclonal antibody raised against an undisclosed peptide mapping at the C-terminus of AIB1 of human origin. COS7 cells were transfected with human AIB1 cDNA expression vector in PCR.2.1 (kindly obtained from Bert O'Malley Baylor, Houston, TX, USA) using calcium phosphate precipitation as described previously. 16 Transfected and untransfected cells were harvested 48 h after transfection in RIPA buffer. Protein extracts were equalized to 150 mg by the Bradford assay (Bio-Rad), resolved by SDS-PAGE and transferred onto nitrocellulose. Equivalent protein loading was confirmed by Ponceau S staining. The Santa Cruz NcoA3 C-20 antibody was utilized as follows: nitrocellulose was blocked with TBS 5% milk and the primary antibody was used at a 1:250 dilution with TBST (0.05% Tween) 5% milk and incubated at 41 overnight as recommended by the manufacturer. Following three 10 min washes in TBST, donkey anti-Goat IgG-HRP (Santa Cruz) was used at a 1:15 000 dilution in TBST 5% milk for 45 min at room temperature. The AIB1 antibody from BD-Biosciences was used under the same conditions except with PBST (0.1% Tween) and the primary was used at a dilution of 1:250 with 1.5% milk and goat anti-mouse-HRP antibody (Rockland Immunochemicals, Philadelphia, PA, USA) was used at a 1:1000 dilution in PBST and 3% milk. Protein bands were detected by enhanced chemiluminescence (Amersham, Arlington Heights, IL, USA).
Immunohistochemistry
A list of all antibodies used, companies from which they were purchased, and optimized titers are shown in Table 2 . For each antibody, optimal titer was determined using full paraffin block sections and then confirmed on tissue microarray sections. Normal and malignant breast and endometrial tissue, and pancreatic carcinoma sections were used as controls. All tissue microarray sections were stained using the Autostainer Universal Staining System from DakoCytomation (Carpinteria, CA, USA).
AIB1 Santa Cruz Biotechnology Antibody (SC)
Slides were deparaffinized using xylene washes, and were rehydrated through graded alcohols. Antigen retrieval was carried out using a 10 mM sodium citrate (pH 6.0) solution and microwave heating to a temperature of 951C for 10 min. Blocking of endogenous peroxidase activity was performed with 0.3% H 2 O 2 , and nonspecific reactions were blocked with 1.5% donkey serum in PBS for 1 h (Santa Cruz Biotechnology). Primary antibody was applied and sections were incubated at room temperature for 1 h. For negative control sections, primary antibody was replaced with non-immune goat serum. Antibody was detected using the Goat ABC staining system (Santa Cruz Biotechnology). Slides were counterstained with Gills hematoxylin, dehydrated and coverslipped.
AIB1 BD Biosciences Antibody (BD), and Antibodies for CBP, SRC-1 and SMRT Slides were deparaffinized using xylene washes, and rehydrated through graded alcohols. Antigen retrieval was carried out using a Biocare Medical Decloaker (Concord, CA, USA) using 1 Â Target Retrieval Solution (DakoCytomation) for 5 min at 1201C. Blocking of endogenous peroxidase activity was performed with 3% H 2 O 2 for 5-10 min. Primary antibody was applied and sections were incubated For ER, total PR, PR-B and Her-2/neu, slides were treated as above with the exception that antigen retrieval for Her-2/neu was performed at 1051C for 20 min, and the detection system for all the slides was Envision (DakoCytomation), which was applied for 30 min.
Scoring and Analysis of Immunohistochemistry Sections
The arrays were graded on a 0 to 3 þ intensity scale for all the biomarkers. The percentage of cells staining with a given intensity was recorded for each antibody. A minimum of 10% of the tumor cells staining with the given intensity was necessary to be included within that intensity cohort. Staining scores (range 0-300) were calculated for each marker by multiplying the intensity score (0-3) by the percent of cells staining (0-100). Separate scores were given for carcinoma, and for hyperplastic and normal endometrium for each case, when present. Her-2/neu stained sections were scored with regard to cell membrane staining, on a 0 to 3 þ scale based on FDA approved guidelines for interpretation of HercepTestt stained slides; whereby 0 and 1 þ scores were considered as negative results and 2 þ and 3 þ as positive. Scoring was performed simultaneously by two pathologists (MS and NB) on a multihead scope. Discordant scores were resolved by consensus.
Statistical Analyses
The paired signed rank test was used to test score differences between cancer, normal and hyperplastic endometrium in the same patient. Either the Wilcoxon rank sum or Kruskal-Wallis tests were used to test for differences in scores and the relationship of expression of these markers to clinical and pathologic parameters. Significance was determined by P-values less than 0.05 and all statistical analyses were performed using SAS software version 9.1 (SAS Institute, Cary, NC, USA). Statistics were performed for all stains, and all categories. A Bonferroni correction was used to adjust P-values for multiple comparisons. Where P-values are between 0.02 and 0.05, the significance should be interpreted conservatively. Correlations between expression scores for different proteins were tested using Spearman's correlation coefficient.
Results
Clinicopathologic Characteristics
Of the 88 patients studied by tissue microarray, 71 (81%) were age 50 years or older, with 63 (72%) being postmenopausal, 10 (11%) perimenopausal and 15 (17%) premenopausal. The average age of the patients in our study was 60.0 years, with a range of 33 years to 88 years. Forty of the 88 cases (45%) had endometrial carcinoma only, whereas the other 48 (55%) had carcinoma-associated normal and/or carcinoma-associated complex atypical hyperplasia in the tissue microarray (Table 1 ). In addition, full sections from five cases each of non-cancer associated normal secretory endometrium, normal proliferative endometrium, simple hyperplasia and complex hyperplasia (n ¼ 20) were stained with AIB1 to study a full spectrum of benign and malignant endometrium. Fifty-nine (67%) of the cases were stage I, with six (7%) being stage II, nine (10%) stage III and three (3%) stage IV. Staging information was not available for 11 (13%) of the cases as these patients had further clinical care performed elsewhere. Forty-eight of the cases (55%) were grade I, 23 (26%) were grade II and 17 of the cases (19%) were grade III. Seventy (80%) of the carcinomas had endometriod histology, three (3%) were mucinous adenocarcinoma, three (3%) were undifferentiated carcinomas, one (1%) was pure papillary serous carcinoma, and 11 (13%) were endometriod carcinomas with a component of papillary serous or clear cell carcinoma. There were no pure clear cell carcinoma cases. Tumors were categorized as Type I or Type II based on histologic type. All endometrioid (Grade I-III) and mucinous carcinomas were grouped as Type I carcinoma. Pure papillary serous carcinoma, carcinomas with a component of papillary serous and clear cell components, and undifferentiated carcinomas were grouped as Type II carcinomas.
It is known that complex atypical hyperplasia is most often associated with Type I endometrial tumors. This was true for this study also, with 23 (82%) of the complex atypical hyperplasias in the tissue microarrays being from patients with Type I carcinoma. The presence of carcinoma-associated complex atypical hyperplasia from patients in this study with Type II carcinoma is explained by the fact that 11 of our 15 Type II cases (73%) had an endometriod component also in addition to clear cell or papillary serous histology. Therefore, it is likely that the carcinoma-associated complex atypical hyperplasia is associated with the endometrioid component of the tumor in these cases.
AIB1 Immunoblot Analysis
In an attempt to understand the differences, we saw in the AIB1 protein expression patterns on immunohistochemistry with the two AIB1 antibodies, Western blot analysis was performed on protein extract from cells transfected with expression vector encoding human AIB1 vs untransfected cells. Results from the immunoblot (Figure 1 ) demonstrated that the AIB1 (BD) antibody detected a single protein band migrating according to the appropriate molecular weight (160 kDa) of the AIB1 protein only in cells transfected with AIB1 and not in the untransfected cells. In addition to a band migrating at the appropriate molecular weight, the Santa Cruz antibody more strongly detected an additional protein. This result may suggest that the cytoplasmic staining observed when this antibody is used for immunohistochemistry could result from crossreactivity to a nonspecific protein. Therefore, only the results of the stains using the AIB1 (BD) antibody are discussed in detail; however, the AIB1 (SC) results are also summarized briefly.
Expression Patterns
Nuclear expression was noted for ER (Figure 2a-c) and PR total (Figure 2d-f ). Both nuclear and cytoplasmic staining is expected in PR-B, 22 and since the two cellular locations could potentially have different correlations with AIB1 expression and prognostic factors, nuclear and cytoplasmic staining were both scored separately (Figure 2g-i ). AIB1 showed a nuclear pattern of expression using the AIB1 (BD) antibody (Figure 3a-d) and a cytoplasmic pattern of expression using the AIB1 (SC) antibody (data not shown). Her-2/neu protein had a cell membrane pattern of overexpression (Figure 2j-l) . The expression of CBP, SRC-1 and SMRT was predominantly nuclear.
AIB1 Expression in Non-Cancer Associated Normal Endometrium
AIB1 was expressed in 100% of the cases of noncancer-associated normal endometrium and hyperplasia. The mean expression scores were higher in them than in normal and hyperplastic tissue from patients with endometrial carcinoma and are as follows: normal secretory ¼ 249, normal proliferative ¼ 202, simple hyperplasia ¼ 192 and complex hyperplasia ¼ 187.
AIB1 Expression in Endometrial Carcinoma vs
Carcinoma-Associated Complex Atypical Hyperplasia vs Carcinoma-Associated Normal Endometrium (Table 3) Type I and Type II endometrial carcinoma combined AIB1 expression using the AIB1 (BD) antibody was the highest in endometrial carcinoma, lesser in carcinoma-associated complex atypical hyperplasia, and the least in carcinoma-associated normal endometrium (Table 3) . (Mean scores for endometrial carcinoma, carcinoma-associated complex atypical hyperplasia and carcinoma-associated normal endometrium, respectively, are equal to 201.6, 141, 121.) AIB1 was expressed in 79 of 82 endometrial carcinoma cases (93%), 24 of 28 (86%) carcinomaassociated complex atypical hyperplasia and 36 of 41 (88%) of carcinoma-associated normal endometrium. There was a significantly higher expression, using median values of the expression scores of AIB1 in endometrial carcinoma compared to carcinoma-associated complex atypical hyperplasia (P ¼ 0.007) and endometrial carcinoma compared to carcinoma-associated normal endometrium (Po0.001). There was no significant difference in the expression of AIB1 between carcinoma-associated complex atypical hyperplasia vs carcinomaassociated normal endometrium.
Type 1 endometrial carcinoma Different expression profiles were present for AIB1 when comparing Type I endometrial carcinoma AIB1 in neoplastic and benign endometrium NN Balmer et al (n ¼ 72) with carcinoma-associated normal endometrium and carcinoma-associated complex atypical hyperplasia. AIB1 expression was significantly higher/different in Type I endometrial carcinoma (n ¼ 72) compared to carcinomaassociated normal endometrium (P ¼ 0.0002), and in carcinoma-associated complex atypical hyperplasia compared to carcinoma-associated normal endometrium (P ¼ 0.016), but not in Type I endometrial carcinoma compared to carcinomaassociated complex atypical hyperplasia (Table 3) . This is consistent with the difficulty that a AIB1 in neoplastic and benign endometrium NN Balmer et al pathologist encounters in differentiating complex atypical hyperplasia from Type I endometrial carcinoma when using cytological features alone, thus necessitating reliance on architectural features to assist in differentiation between these two entities. Table 3 ).
AIB1 Correlation with Known Histologic and Clinical
Parameters (Table 4) There was a trend for lower AIB1 expression in Type I vs Type II endometrial carcinoma (P ¼ 0.07). AIB1 expression correlated significantly with perimenopausal and postmenopausal status (P ¼ 0.002) and showed a significantly higher expression in higher grade (grade II and III) compared to lower grade (I) carcinomas (P ¼ 0.04). AIB1 expression did not correlate with surgical stage. 
Summary of AIB1 (SC) Immunohistochemistry Results
AIB1 as detected by the AIB1 (SC
Additional Coactivators of Steroid Hormone Receptors (SRC-1 and p300/CBP) and Co-repressor (SMRT) Studied by Immunohistochemistry on Tissue Microarrays
None of the other co-activators (CBP and SRC-1) or the co-repressor (SMRT) evaluated by immunohistochemistry showed differences in expression in carcinoma-associated normal endometrium, carcinoma-associated complex atypical hyperplasia or endometrial carcinoma tissues or had any correlation with tumor grade and histologic type (data not shown).
ER and PR (Total) Expression in Endometrial
Carcinoma vs Carcinoma-Associated Complex Atypical Hyperplasia vs Carcinoma-Associated Normal Endometrium (Table 3) Type I and II endometrial carcinoma combined ER and PR (total) exhibited significantly higher expression in carcinoma-associated normal endometrium compared with Type I and Type II Type I endometrial carcinoma Similarly, ER and PR (total) both exhibited higher expression in carcinoma-associated normal endometrium compared to Type I endometrial carcinoma (P ¼ 0.0001 and 0.012, respectively). In addition, ER was expressed significantly more in carcinomaassociated complex atypical hyperplasia than in Type I endometrial carcinoma (P ¼ 0.040).
Type II endometrial carcinoma The differences in ER and total PR expression for carcinoma-associated normal endometrium and carcinoma-associated complex atypical hyperplasia compared to Type II endometrial carcinoma were not significant, though a trend towards higher steroid receptor expression in benign tissue persisted (Table 3) .
ER and Total PR Correlation with Known
Clinicopathologic Parameters (Table 4) ER and PR (total) expression was significantly greater in stage I tumors as compared with higher stage (II-IV) tumors (P ¼ 0.02 and 0.004, respectively). In addition, both ER and PR (total) exhibited higher expression in grade I vs higher grade (II and III) tumors (P ¼ 0.01 and 0.03).
PR-B Expression in Endometrial Carcinoma vs
Carcinoma-Associated Complex Atypical Hyperplasia vs Carcinoma-Associated Normal Endometrium (Table 3) Type I and II endometrial carcinoma PR-B staining was evaluated separately for nuclear and cytoplasmic expression. There was a significantly higher expression in carcinoma-associated normal endometrium compared to all Type I and II endometrial carcinoma combined, with both staining patterns (nuclear: Po0.0001; cytoplasmic: P ¼ 0.014). PR-B expression was also higher in carcinoma-associated complex atypical hyperplasia compared to endometrial carcinoma, but this relationship was significant only for nuclear staining (P ¼ 0.041). There was no difference in expression between carcinoma-associated complex atypical hyperplasia compared to carcinoma-associated normal endometrium for PR-B nuclear or cytoplasmic staining.
Type I endometrial carcinoma PR-B expression in benign tissue compared to Type I carcinoma was similar to that of Type I and II endometrial carcinoma combined, with significantly higher expression in carcinoma-associated normal endometrium compared to Type I carcinoma for both staining patterns (nuclear: Po0.0001; cytoplasmic: P ¼ 0.036). In addition, there was a trend toward higher PR-B expression in carcinoma-associated complex atypical hyperplasia compared to Type I endometrial carcinoma, but this difference was not significant for either staining pattern.
Type II endometrial carcinoma PR-B expression was not significantly different between carcinoma-associated normal endometrium and carcinoma-associated complex atypical hyperplasia compared to Type II endometrial carcinoma for either staining pattern (Table 3) .
PR-B Correlation with Known Clinicopathologic
Parameters (Table 4) Neither of the PR-B staining patterns correlated significantly with patient menopausal status, tumor stage, tumor grade or tumor histologic type. However, both PR-B nuclear and PR-B cytoplasmic staining showed a trend towards lower expression in Type I endometrial carcinoma compared to Type II endometrial carcinoma (P ¼ 0.09 and 0.08, for nuclear and cytoplasmic staining, respectively).
Her-2/neu Expression in Endometrial Carcinoma vs
Carcinoma-Associated Complex Atypical Hyperplasia vs Carcinoma-Associated Normal Endometrium (Table 3) Her-2/neu exhibited significantly higher expression in Type I and II endometrial carcinoma combined compared with carcinoma-associated normal endometrium (P ¼ 0.0002), and in Type I and II endometrial carcinoma combined compared with carcinoma-associated complex atypical hyperplasia (P ¼ 0.036). There was no difference in Her-2/ neu expression in carcinoma-associated complex atypical hyperplasia compared with carcinomaassociated normal endometrium. Her-2/neu also exhibited higher expression in Type I endometrial carcinoma compared to carcinoma-associated normal endometrium (P ¼ 0.0003) and carcinomaassociated complex atypical hyperplasia (P ¼ 0.016). There was no difference in Her-2/neu expression in Type II endometrial carcinoma compared to carcinoma-associated normal endometrium or carcinoma-associated complex atypical hyperplasia (Table 3) .
Her-2/neu Correlation with Known Clinicopathologic Parameters
Her-2/neu expression did not correlate with patient menopausal status, stage, or the histologic type and grade of tumor.
Comparison of all Biomarkers
There were significant differences between the relative expression of all the biomarkers in carcinoma-associated normal endometrium, carcinomaassociated complex atypical hyperplasia and Type I and II endometrial carcinoma combined (P-values for all o0.001) with the only exception being the cytoplasmic expression on PR-B which was not as significant (P ¼ 0.04).
Correlations between Biomarkers
The strongest correlation was between ER and the PR-B-nuclear (Spearman correlation coefficient, r ¼ 0.52, Po0.0001). AIB1 expression as determined by the BD antibody correlated with ER (r ¼ 0.30, P ¼ 0.006). There was no evidence of correlation between AIB1 expression using the SC antibody and the other biomarkers, including AIB1 expressed using the BD antibody, further indicating that this particular antibody did not specifically detect AIB1.
Discussion
The Normal Endometrium
In the normal endometrium, AIB1 protein levels have been found to increase during the late secretory phase, but none of the other coactivators have been reported to be hormonally regulated. 23 Our results in the noncarcinoma-associated cases correlate with these findings, as the highest AIB1 expression was in normal secretory endometrium, when both estrogen and progesterone levels are higher than they are in the proliferative phase. Vienon et al found that AIB1 mRNA was expressed in normal endometrium and, in contrast to our findings, reported that it did not appear to be hormonally regulated. However, they did note individual variations in expression levels, which they hypothesized to be responsible for differences in response to hormone-based therapies in endometrial carcinomas. 24 Our study found that AIB1 expression is higher on average in the non-carcinoma associated tissues than in the carcinoma-associated complex atypical hyperplasia and carcinoma-associated normal endometrium. The biologic reasons for this are not entirely clear, but possible explanations include a loss of hormonal regulation in the carcinoma-associated cases and this concept may be further explored in future studies.
Co-Activator and Co-Repressor Expression in Endometrial Carcinomas
This study reveals increased expression of AIB1 protein in endometrial carcinoma compared to carcinoma-associated complex atypical hyperplasia and carcinoma-associated normal endometrium. Ours is the only study to examine AIB1 at the protein level in endometrial cancers, hyperplasia and the normal endometrium. SRC-1, 2 and 3 proteins were previously examined by immunohistochemistry in the normal endometrium and the endometrium of women with polycystic ovarian syndrome, a group that has a higher likelihood of developing estrogen-induced endometrial hyperplasia and cancer, where AIB1 and SRC-2 were found to be elevated. 23 An additional study examined SRC-1, p300/CBP, and the co-repressors N-CoR and SMRT, but not AIB1, and found that both SRC-1 and p300/ CBP were reduced in endometrial carcinoma as compared with normal endometrium and hyperplastic endometrium. 25 In contrast, we observe no change in SRC-1 and CBP/p300 in endometrial carcinoma or carcinoma-associated complex atypical hyperplasia vs the carcinoma-associated normal endometrium. At the mRNA transcript level, SRC-1, 2 and 3 and the co-repressors N-CoR and SMRT were measured in endometrial carcinoma and all were upregulated in malignant endometrium.
26 However, at the protein level, we find that AIB1 is overexpressed in endometrial cancers relative to hyperplastic or normal endometrium, but SRC-1 and SMRT are not. Glaesar et al 27 found AIB1 to be overexpressed in 17% of endometrial cancers, using PCR, RT-PCR and fluorescent DNA technology. The fact that we see overexpression at the protein level in a higher percentage of endometrial cancers indicates that an additional mechanism besides gene amplification may be causing overexpression of AIB1.
Correlation with Clinical Parameters
In addition to demonstrating AIB1 overexpression in endometrial carcinoma and carcinoma-associated complex atypical hyperplasia, we found a correlation between AIB1 expression and clinicopathologic parameters of unfavorable prognosis. Factors such as histologic type, grade and surgical stage of the carcinomas are known to affect prognosis for patients with endometrial carcinoma. We found that high expression of AIB1 correlated with peri-and postmenopausal status and with a higher grade of carcinoma. We did not find correlation with surgical stage. AIB1 demonstrated higher expression in Type II than Type I endometrial carcinoma. This finding is not surprising given the relationship between AIB1 expression and tumor grade. Type II endometrial carcinomas are considered high-grade carcinomas, and are known to have a worse prognosis, indicating that AIB1 is expressed more in aggressive endometrial tumors. It is unclear why AIB1 did not correlate with surgical stage in the present study and others, since this parameter is frequently used along with grade to assess prognosis. However, since 83% of the cases in our study were stage I or II, it is possible that many tumors in our population, including those with a higher grade, were detected before extensive spread had occurred.
Specificity of AIB1 (BD) vs AIB1 (SC) Antibodies
Our immunoblot analysis tested the ability of these two antibodies to recognize AIB1 specifically, and indicates that the AIB1(BD) antibody, which showed nuclear expression by immunohistochemistry, has more specificity than the AIB1(SC) antibody, which exhibited cytoplasmic expression. We report this result because the AIB1(SC) antibody has been utilized for immunohistochemistry in previous published studies, albeit in the breast. 20, 21 Based upon the known biology of the SRC family of coactivators, it makes sense that the AIB1(BD) nuclear expression is more relevant. The p160 family members are known to work by interacting with ligand-bound nuclear receptors to recruit methyl-transferases and histone acetyl-transferases to specific promoter regions. This results in chromatin remodeling, assembly of transcription factors and transcription of target genes. 28, 29 With this mechanism of action, one would expect to see AIB1 in the nucleus. In addition, other studies examining AIB1 in the endometrium have demonstrated nuclear expression. 23 
Her-2/neu
Overexpression of Her2/neu in breast carcinoma is of prognostic significance, and is known to correlate with AIB1 overexpression. 30, 31 Although Her-2/neu is known to be increased in some endometrial carcinomas, its clinical prognostic value is not as clear. 30, 31 Reports of Her-2/neu expression in endometrium are variable. Peiro et al 32 found that Her-2/neu amplification as measured by fluorescence in situ hybridization in endometrial carcinoma, correlated with non-endometrioid subtypes, higher grade and older age. In contrast, in our study, Her-2/neu protein detected by immunohistochemistry did not correlate with age, stage or histologic type. In addition, Her2/neu expression did not correlate significantly with AIB1 expression. Other studies have also found that, although Her-2/neu is overexpressed in up to 59% of endometrial carcinomas, it is not associated with prognosis or overall survival. 30, 31 Our results concur with these findings.
Correlations between Biomarkers
Previous studies have found a correlation between AIB1 and ER in endometrial carcinoma, and our findings support this correlation. 23, 25 However, we did not find a significant correlation between AIB1 and total PR or PR-B. It is interesting that AIB1 correlates with ER, but not with PR. This may indicate that AIB1 functions primarily with ER, but not PR. Indeed, it has now been shown that it is another member of this family, SRC-1, that modulates PR action in the mouse uterus. 12, 13 Estradiol is known to be a proliferative agent in the endometrium, whereas progesterone counteracts the proliferative effects of estradiol in the endometrial epithelium. The strongest association between the different markers in endometrial carcinoma in this study was between ER and PR-B. We demonstrate that ER and total PR are expressed more in carcinoma-associated normal endometrium than in carcinoma-associated complex atypical hyperplasia or endometrial carcinoma, and that these receptors are associated with lower stage and lower grade carcinomas, and younger age, in keeping with results from other studies.
2,4
Conclusions
In summary, we show a significant correlation of high AIB1 expression with endometrial carcinoma using immunohistochemistry on tissue microarrays. We found a correlation between AIB1 and ER expression levels in endometrial carcinoma, but no significant correlation between AIB1 and PR. It is known that AIB1 is expressed at an increased level in breast carcinoma, 33 and that the AIB1 protein interacts with ER to result in enhancement of estrogen-dependent transcription. 14, 33, 34 Thus, an increase in AIB1 could cause increased sensitivity to estrogen exposure leading to endometrial hyperplasia and cancer. However, it is curious that we see even higher levels of AIB1 in Type II endometrial carcinoma than Type I endometrial carcinoma, since Type I carcinomas are more estrogen dependent. Perhaps, AIB1 is associated with an aggressive behavior of the cancer even if tumor cell proliferation is no longer driven by estrogen.
Future studies carried out to correlate AIB1 expression with endometrial carcinoma response to hormonal therapy and overall survival or disease recurrence would clarify the role that this nuclear receptor coactivator may play in guiding the treatment of endometrial carcinoma. It may be that use of inhibitors of the histone acetlytransferase activity associated with AIB1 mediated ER action could be useful in combination with progestin therapy or may benefit patients in whom progestin therapy is not effective.
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